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@ Dual outlet passage hearing aid transducer. 



@ An improved high-frequency characteristic is 
achieved, in an otherwise conventional hearing aid 
receiver transducer by connecting each of the 
acoustic chambers (41,42) on the two sides of the 
receiver diaphragm (34), in the receiver housing 
(29), directly through an outlet port (31,32) and a 
sound transmission tube (61.62) coupled into the ear 
canal (64) of the hearing aid user; phase reversals 



due to resonances in the receiving acoustic cham- 
bers and tubes produce a high pass band in the 
output of the receiver as applied to the user^s ear. 
An acoustically transparent contamination stop (65) 
prevents contaminants (e.g. cerumen) from reaching 
the transducer motor (40) but does not interfere with 
acoustic performance. 



CM 
< 

n 
o 

m 

IT) 



Cl. 




Rank Xerox (UK) Business Services 



1 



EP 0 455 203 A2 



2 



Background of the Invention 

A hearing aid usually utilizes the basic compo- 
nents shown in the device 10 in Fig. 1 of the 
drawings. A microphone 11 senses ambient sound 
12 and develops an electrical signal representative 
of that sound. The electrical signal is amplified, in 
an annplifier 13, and then used to drive a sound 
reproducer or transducer 14, frequently called a 
receiver. The receiver 14 may be coupled to the 
ear canal 15 of the user of the hearing aid by a 
sound transmission tube 17, supplying a sonic sig- 
nal 16 to the hearing impaired person using the aid 
10. The entire device 10, including components not 
shown in Fig. 1 (e.g.. an on-off-switch, a battery, a 
volume control, etc.) is often small enough to fit in 
the user's ear. though other packaging arrange- 
ments have been and are used. 

The hearing losses of a major portion of the 
hearing-impaired population occur primarily in the 
higher frequency end of the audio spectrum. These 
people frequently have normal or near normal hear- 
ing at the lower and middle frequencies. Thus, 
hearing aids tend to be designed to emphasize 
amplification of the higher audio frequencies. They 
may provide little if any amplification at the lower 
end of the audio spectrum. 

One popular approach Is to provide a vent or 
channel in the ear mold or through the hearing aid 
Itse'-' if it is of the in-the-ear variety. That channel 
is :.'Ortioned so that low frequency sounds can 
enter the ear directly, without amplification, while 
high frequency sounds that are amplified are re- 
tained within the ear by frequency-discriminating 
characteristics of this vent. These effects may be 
reinforced by the design of amplifier 13 and micro- 
phone 11. Especially designed microphones are 
produced for this purpose, which are most sen- 
sitive at the higher frequencies; see curve A in Fig. 
2. 

Historically, little It any means have been found 
to effectuate use of the frequency characteristics of 
the receiver (earphone) itself to aid in this fre- 
quency selectivity. There have been older and larg- 
er versions of receivers made and sold that mimic 
the method used to obtain the frequency char- 
acteristic in microphones of the type indicated in 
curves B and C in Fig. 2. This may be accom- 
plished in a microphone by providing a vent or 
tube leading from one side of the diaphragm to the 
other, thus allowing the sound pressure to equalize 
at low frequencies. There are several difficulties 
with this approach in the modern, more miniatur- 
ized receiver; a major problem has been to find 
enough space for an acoustically adequate vent. 
Also, probably because of the way a receiver is 
coupled to the ear cavity, there is a considerable 
loss in sensitivity using this approach. 



While there is no consensus on the matter, one 
school of thought believes that a high frequency 
pass band of about an octave starting at about 
3000 Hz (2500 to 3500 Hz) will be beneficiaL 
5 A conventional hearing aid receiver presently 

consists of an electromagnetic motor mechanism 
which operates a diaphragm. The air displaced by 
this diaphragm, on one side, is channeled through 
a tube into the ear canal, creating the desired 

10 sound. The air displaced on the other side is usu- 
ally compacted in the volume enclosed by the 
receiver housing. When connected to an occluded 
(unvented) ear canal or to a test chamber, usually 
known as a coupler, this mechanism produces a 

75 frequency characteristic of the type shown as curve 
W in Fig. 3. The principle components controlling 
the frequency of the initial resonance peak 21 are 
the mechanical system of the motor and the chan- 
nel or tube leading the sound from the diaphragm 

20 into the ear (receiver 14 and tube 17 in Fig. 1). The 
second resonance 22 of curve W is controlled by 
the necessary volume of air within the receiver that 
collects the sound off of the diaphragm, the chan- 
nel or tube that conducts this sound to the ear 

25 canal, and the remaining portion of the ear canal. 

Summary of the Invention 



ft is a principal object of the present invention 

30 to provide a new and improved hearing aid receiver 
transducer which affords a desirable high frequen- 
cy band pass characteristic in a particularly effec- 
tive manner without sacrifice of sensitivity. ' 

Another object of the invention is to provide a 

35 new and improved hearing aid receiver transducer 
that emphasizes the higher part of the audio spec- 
trum needed for hearing comprehension without 
substantial cost increase and with little or no loss of 
dependability, operating life, or miniaturization. 

40 Accordingly, the invention relates to a receiver 

transducer for a hearing aid of the kind comprising 
a main housing insertable into the ear of the hear- 
ing aid user; the receiver transducer comprises a 
receiver housing mounted within the main housing 

45 in spaced relation to a sound outlet wall of the 
main housing that faces into the ear canal of a 
hearing aid user. Diaphragm means, mounted with- 
in the receiver housing, define first and second 
acoustic chambers in the receiver housing, and an 

60 electromagnetic motor, mounted in the receiver 
housing, is mechanically connected to the dia- 
phragm to move the diaphragm, at frequencies 
within a given audio range, in accordance with an 
electric signal applied to the motor. First and sec- 

55 ond outlet ports are provided, through the receiver 
housing, one for each chamber, and first and sec- 
ond elongated sound transmission tubes are em- 
ployed, one for each outlet port, each tube con- 
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necting its outlet port through the sound outlet wall 
of the main housing into the user's ear canal in- 
dependently of the other tube. 

Brief Description of the Drawings 



Fig. 1 is a block diagram of principal compo- 
nents of a hearing aid, and is illustrative of the 
prior art as well as the environment for the 
present invention; 

Fig. 2 illustrates microphone operating charac- 
teristics; 

Fig. 3 illustrates receiver transducer operating 
characteristics; 

Rg, 4 is a sectional elevation view, on an en- 
larged scale, of a hearing aid receiver trans- 
ducer constructed in accordance with one em- 
bodiment of the present invention; and 
Fig. 5 is a detail view of a different form of 
contaminant stop for the hearing aid receiver. 
To achieve an extended high frequency re- 
sponse in a hearing aid receiver transducer, such 
as receiver 14 referred to above, conventional pro- 
cedure would be to raise the frequency of the initial 
resonance, 21 in Fig. 3, to the middle of a pass 
band of about 3.3 to 5.5 kilo hertz. Such an en- 
deavor produces an operating characteristic like 
curve X in Fig. 3 with a sharp resonance 23, a 
slightly displaced second resonance 24,and a rath- 
er narrow pass band. Adding acoustic damping to 
widen this pass band decreases the sensitivity of 
the transducer. Curve X of Fig. 3 Illustrates the 
effect of raising the resonant frequency on the 
smallest available hearing aid receiver, which al- 
ready has the highest resonant frequency of cur- 
rently available commercial devices. To damp this 
resonance would mean a large loss in sensitivity 
and little significant improvement in the differential 
between the high frequency and low frequency 
sensitivities. 

By adding a second channel or tube, from the 
air volume on the second side of the receiver 
diaphragm into the ear canal of the hearing aid 
user, however, much of the desired high frequency 
emphasis can be achieved without loss of sensitiv- 
ity. This is illustrated by curve Y in Fig. 3. 

With dual coupling tubes direct from opposite 
sides of a hearing aid receiver diaphragm to the 
users ear canal, as described hereinafter, several 
advantages are obtained. First, at the lower fre- 
quencies a cancelling effect is achieved- That is, 
while one side of the receiver diaphragm is creat- 
ing a positive pressure in the ear canal, the other 
side of the same diaphragm is creating a negative 
pressure in the user's ear canal. This substantially 
reduces the net low frequency sound pressure 
generated in the ear canal. 

Second, by adjusting the dimensions of the 



second tube from the receiver to the user's ear 
canal, It can be made to introduce a third reso- 
nance, point 25 on curve Y in Fig. 3, which if 
placed slightly lower in frequency than resonance 
5 23 effectively broadens the pass band of the re- 
ceiver. Thus, the resonances 23-25 produce a band 
pass filter action approximating the desired effect; 
the pass band of the new approach, curve Y in Fig. 
3, is substantially broader than with the more con- 

10 ventional system of curve X. 

Third, mechanical adjustments in the magnetic 
motor of the receiver to achieve the desired higher 
resonant frequency will cause it to have a higher 
mechanical impedance, to such an extent that it Is 

75 not appreciably affected by interaction with the 
acoustic parameters of the two acoustic channels. 
Because of the phase reversal that occurs in that 
component of the signal at resonance 25, in the 
region between resonances 25 and 24 the resonant 

20 gains are additive, mutually increasing sensitivity In 
that region. A similar Interaction occurs between 
resonances 24 and 23. 

Fig. 4 is a sectional view of a receiver trans- 
ducer 30 constituting one embodiment of a hearing 

25 aid receiver constructed in accordance with the 
invention. Transducer 30 includes a housing 29; 
there are two outlet ports 31 and 32 in one end 
wall 33 of the housing. Receiver 30 is mounted in a 
main hearing aid or ear mold housing, of which 

30 only one wall 63 appears in Fig. 4. A diaphragm 34 
extends across the interior of housing 29, dividing 
it Into a first acoustic chamber 41 and a larger 
second acoustic chamber 42. An electromagnetic 
motor 40, mounted in chamber 42 in housing 29, 

35 has its armature 43 connected to diaphragm 34 by 
a drive pin 44. Motor 40 may include a coil 45, 
permanent magnets 46, and a yoke 47. Electrical 
terminals 48 provide a means to apply driving 
signals to coil 45 from a hearing aid amplifier; see 

40 amplifier 13 in Fig. 1. The first output port 31 is 
connected to a short tube 51 that is really a part of 
housing 29; a similar short outlet tube 52 serves 
the other port 32. Two longer conduits, the elon- 
gated sound transmission tubes 61 and 62, are 

45 connected from the housing tubes 51 and 52, re- 
spectively, through the sound outlet wall 63 of the 
main hearing aid housing Into the ear canal 84 of 
the hearing aid user. The illustrated mechanical 
couplings for tubes 61 and 62, especially the short 

50 tubes 51 and 52, will be recognized as exemplary 
only and other arrangements maybe utilized. 

Within receiver housing 29, between the sec- 
ond sound outlet port 32 and chamber 42, there is 
a contamination stop 65. This contamination stop 

55 may be of virtually any construction so long as it is 
acoustically transparent but prevents contaminants 
from reaching the motor 40 in chamber 42. Thus, 
contamination stop 65 may comprise a very thin 
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plastic film diaphragm, such as a film of polyure- 
thane of about 0.0005 inch thickness. Stop 65 may 
also constitute a grid or screen, of plastic or a 
corrosion resistant metai, having small apertures so 
as to afford adequate protection for motor 40 5 
against most solid contaminants, particularly ear 
wax, without interfering with acoustic performance. 
The contamination stop -may also comprise a series 
of barriers 68 leaving a clear but tortuous path 69 
between port 32 to chamber 42 to stop contamin- ic 
ants while allowing unimpeded flow of acoustic 
waves therebetween; see Fig. 5, 

In operation, electrical signals applied to coil 45 
of motor 40 cause the motor to drive diaphragm 
34. This moves the air in chamber 41 in and out, is 
through port 31 and tubes 51 and 61 , into the ear 
canal 64. in conventional manner. The air in the 
second chamber 42 In housing 29 also responds to 
the operation of diaphragm 34; it moves from the 
chamber through contamination stop 65, port 32, 20 
and tubes 52 and 62 into ear canal 64, at low 
frequencies, since pressure in chamber 41 in- 
creases when pressure in chamber 42 decreases, 
and vice versa . Since there are equal amounts of 
air displaced on opposite sides of the diaphragm, 25 
at low frequencies the two outputs into ear canal 
64, through tubes 61 and 62, tend to cancel each 
other. That is the reason for virtually no amplifica- 
tion at iow frequencies in curve Y. Fig, 3. 

At higher frequencies, however, the operation 30 
of the dual-outlet receiver transducer 30 Is quite 
different. As the sound frequency increases beyond 
the acoustical resonance frequency of the second 
outlet for receiver 30, specifically chamber 42, port 
32 and its outlet tube 52. and sound transmission as 
tube 62. a phase shift of 180° occurs In the sonic 
energy traversing this part of the device. As a 
consequence, the sound outputs from the two 
tubes 61 and 62 into ear canal 64 become effec- 
tively additive, instead of cancelling each other as 40 
in low frequency operation. When the resonant 
frequency of the first chamber 41 and its outlet 31, 
51. 61 is reached, another phase reversal occurs 
and the outputs into ear canal 64 are again out of 
phase. This determines the upper end of the pass 45 
band for receiver 30: see Fig. 3. The preferred 
range for the first resonance frequency (elements 
31, 41. 51, 61) is approximately five to seven kHz. 
For the second resonance the preferred range is 
approximately 2.5 to 3.5 kHz. 50 

As will be apparent from the foregoing descrip- 
tion, effective operation of receiver 30 to achieve 
the desired operating characteristic (curve Y in Fig. 
3) requires that the second outlet port 32 be di- 
rectly acoustically coupled to the second chamber 55 
42 in receiver housing 29. But the addition of the 
second port to the receiver increases the hazards 
to the magnetic motor 40. which has parts with 



close mechanical clearances. If material is allowed 
to enter the chamber 42 which contains motor 40 it 
will interfere with motion of these parts and perfor- 
mance will be impaired. Thus, the contamination 
stop 65 is advantageous for long term operation, 
especially when motor 40 Is an electromagnetic 
device. The stop may be less important for some 
other diaphragm driving devices, such as a piezo- 
electric transducer. 

Claims 

1. A receiver transducer for a hearing aid of the 
kind comprising a main housing insertable into 
the ear of the hearing aid user, the receiver 
transducer comprising: 

a receiver housing mounted within the 
main housing in spaced relation to a sound 
outlet wall of the main housing that faces into 
the ear canal of a hearing aid user; 

diaphragm means, mounted within the re- 
ceiver housing, defining first and second 
acoustic chambers in the receiver housing; 

an electromagnetic motor, mounted In the 
receiver housing, mechanically connected to 
the diaphragm to move the diaphragm, at fre- 
quencies within a given audio range, in accor- 
dance with an electromagnetic signal applied 
to the motor; 

first and second outlet ports, through the 
receiver housing, one for each chamber; 

and first and second elongated sound 
transmission tubes, one for each outlet port, 
each tube connecting its outlet port through 
the sound outlet wall of the main housing into 
the user's ear canal independently of the other 
tube. 

2. A transducer according to Claim 1 in which: 

the first chamber and first tube have a first 
resonance frequency near the upper end of the 
audio range; and 

the second chamber and second tube 
have a second resonance frequency in the 
upper part of the audio range but appreciably 
below the first resonance frequency, 

so that the output of the receiver has a 
high band pass characteristic having upper 
and lower limits determined by the first and 
second resonance frequencies, respectively. 

3. A transducer according to Claim 1 or 2 in 

which the motor is mounted within the second 
acoustic chamber and the receiver transducer 
further comprises contaminant stop means, be- 
tween the motor and the outer end of the 
second sound transmission tube, precluding 
access of contaminants from the user's ear 
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canal to the motor without substantial modifica- 
tion of the sound properties of the second 
chamber and second tube. 

4. A transducer according to Claim 3 in which the s 
contanninant stop means Is positioned within 

the receiver housing between the motor and 
the second outlet port. 

5. A transducer according to Claim 4 in which the la 
contaminant stop comprises a mesh screen. 

6. A transducer according to Claim 4 in which the 
contaminant stop comprises a series of baffles. 

15 

7- A transducer according to Claim 4 in which the 
contaminant stop Is a thin, flexible, essentially 
audio-transparent film. 

8, A transducer according to any one of Claims 2 20 
- 7 in which: 

the overall audio range is approximately 
100 Hz to 10 kHz; 

the first resonance frequency is in the 
range of 5 to 7 kHz; and 25 

the second resonance frequency is in the 
range of 2.5 to 3.5 kHz. 
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